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Groundwater protection  has emerged as a major public concern  of
the 1980s. In the early part of the decade, interest focused primarily
on  "point"  sources  of groundwater  contamination  such as landfills
and industrial waste sites. As investigations of groundwater quality
continued, more diffuse land use activities were identified as contrib-
utors to  groundwater degradation.  In a number of regions,  agricul-
tural  production  activities  have  been  found  to  be  important
"nonpoint"  sources of groundwater contamination (Experiment Sta-
tion Committee on Organization  and Policy).  As a result, much dis-
cussion  is  now  being  given  to  the  extent  of  agricultural
contamination and alternative  ways to deal with the problem.
The emergence of groundwater quality protection as a public issue
presents an important  challenge  to Cooperative  Extension and the
entire land grant system.  Because the  land grant  system has been
developing  and  transferring  technology  and  information  to  pro-
ducers,  findings  of agricultural  contaminants  in groundwater  and
associated impacts has raised questions about the appropriateness of
those  technologies  and  information.  In some  cases,  the system has
been  blamed along  with  producers  whose  practices  have  degraded
groundwater  supplies.  Also,  people  concerned  about the  health  ef-
fects  of consuming  contaminated water are coming to extension  for
answers.  Some of these water consumers are farmers and rural resi-
dents and some  are  not.  When confronted  with potential  or actual
contamination of this "unseen" resource by an unfamiliar chemical,
people  often need  help in assessing the problem  and  in developing
effective solutions. Moreover, an array of traditional and new interest
groups are  concerned  about the  groundwater  quality issue and  are
challenging  the  land grant  system  to  help address  and  solve  this
problem.
The challenge  also presents  an excellent opportunity  for Coopera-
tive Extension to develop educational programs on a complex, contro-
versial and timely public policy issue. My basic argument  is that we
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bution in developing both the approaches  and subject matter content
of extension groundwater  quality education programs.
Agricultural Contamination of Ground Water
Groundwater contamination  is both  a rural  and urban  phenome-
non. More than 50 percent of urban residents and 95 percent of rural
residents  rely on groundwater  for their drinking water supply (Ex-
periment  Station Committee on Organization and Policy). There are
many sources of groundwater  contamination, a number of which are
common  to all regions  of the United  States.  These sources  include
agricultural  pesticides  and  fertilizers,  underground  fuel  storage
tanks,  industrial solvents,  land disposal  of agricultural  and munici-
pal wastes, landfills, septic tanks and hazardous waste disposal sites
(Extension  Committee on  Organization and  Policy).  One  of the im-
portant characteristics  of groundwater  contamination  is  that it  is
area specific. This specificity is due to differences in geology and soils
that affect the potential for contaminants  on the surface to reach the
water resource  below.  In addition,  human activities  vary  considera-
bly, thereby changing the type of potential contaminants. Because  of
the extreme  diversity  of these  factors,  it is difficult  to  generalize
about groundwater  quality problems.
Evidence  of Agricultural Contamination
The two major  categories  of agricultural  contaminants  of ground-
water are nitrates  and pesticides.  Nitrates  in  ground water  result
from nitrogen  fertilizer use and animal manure  disposal by agricul-
tural producers,  wastewater disposal through septic systems and,  in
some  regions,  are  naturally occurring. Recent studies  indicate  that
agriculture  is the most extensive source of nitrates found in ground-
water (Hallberg).  Nitrates are  relatively  inexpensive  to test for and
have thus been monitored by public and private water suppliers. Nu-
merous  investigations  of nitrates  in  groundwater  have  been  con-
ducted.  A  recent review  of these  studies reported that high nitrate
levels had been linked to agricultural sources in at least seven states
(Nielsen and Lee).
Our knowledge  of pesticide  contamination  is much more limited.
Relatively  little monitoring of groundwater  for  pesticides  was  done
until recently and,  as a result,  a much thinner  information base ex-
ists for this category  of contaminant.  Incidents  of regional pesticide
contamination  have  been  documented  in  California,  Florida,  New
York  and  Wisconsin  (Holden).  A synthesis  of pesticide  monitoring
studies in the United States completed before mid-1986 reported that
at least seventeen different pesticides had been found in groundwater
in twenty-three  states (Cohen,  Eiden and  Lorber).  As  more  studies
are conducted, these numbers are expected to rise.
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and  magnitude  of  groundwater  contamination  from  agricultural
chemicals in the  United States. While the study  has several short-
comings due to data limitations, it provides some useful first approxi-
mations of potential contamination  from a national standpoint.  The
researchers found that areas with the potential for contamination by
nitrogen  fertilizer  or  pesticide  use  or both  represent  about  1,437
counties or about 46 percent of the counties in the mainland United
States. About 53.8 million people live in areas of potential contami-
nation. Table 1 provides information on the individual contaminants.
Counties with only  potential nitrate contamination  tended to be lo-
cated in the Great Plains and parts of the Northwest and Southwest.
Those with only potential pesticide contamination  were located prin-
cipally along the Eastern Seaboard, Gulf Coast and Upper Midwest.
The  314 counties  with the potential  for both  nitrate  and  pesticide
contamination were  located primarily in parts  of the Corn  Belt, the
Lake States and the Northeast  (Nielsen and Lee p.  19).
Table 1. Potential Groundwater Contamination by Agricultural Chemicals
Contaminant  Number of  Population
Counties  (millions)
Nitrates  309  7.1
Pesticides  814  36.0
Both  314  10.7
Total  1437  53.8
Source: Nielsen, Elizabeth, G. and Linda K. Lee. The Magnitude and Costs of Groundwater  Conta-
mination  from Agricultural  Chemicals: A National  Perspective. Washington,  D.C.: USDA Economic
Research Service Staff Report AGE870318.  June 1987.
Groundwater Quality Protection as a Public Issue
Agricultural  contamination  of groundwater  has become  an impor-
tant public policy  issue. In some areas where contamination  has oc-
curred,  it has become  a critical  concern  for farmers,  their families
and rural communities. The possibility of regulations limiting input
use and the potential for economic losses when nitrogen fertilizers or
pesticides  are  leached  into  groundwater  supplies  has  increased
farmers' interest in the groundwater quality issue. Perhaps more im-
portantly,  when agricultural chemicals enter groundwater  supplies,
the well serving the farm family may be the first affected. A survey
conducted  in Iowa found that the issue of water quality was of high
importance to producers, ranked at the same level as profitability in
agriculture (Padgitt).
The Policy Problem
The  groundwater  quality  problem  can  be  characterized  as  a
problem resulting from  a lack of public policy.  Despite  our growing
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tionships among various land uses and the irreversible  consequences
of contamination,  public policies for protecting groundwater are gen-
erally underdeveloped.  In 1984, the U.S.  Office of Technology Assess-
ment (OTA) concluded  that in spite of expanded  national  and state
protection efforts,  programs were  limited in their ability to prevent
contamination.  OTA noted that there is no national legislative man-
date to protect ground water and the U.S.  Environmental Protection
Agency's  (EPA)  Groundwater  Protection  Strategy  does  not  provide
enough  detail  to provide  for comprehensive  management  of the re-
source  (U.S. Congress p.  9).
The  inability  of most  public  policies  to  protect  groundwater  has
been largely due to the fact that water quality protection programs
have been  narrow in three respects  (U.S.  Congress).  First, most pro-
grams  have  concentrated  on  a  few  selected  "point"  sources  of
contamination associated with hazardous wastes and have given less
attention  to  "nonpoint"  sources.  Second,  while  hundreds  of  sub-
stances  have  been  found  in  groundwater,  the  EPA  has established
mandatory  standards under the federal Safe Drinking Water Act for
about thirty water contaminants.  Third, the major focus of drinking
water safety programs has been on the protection  of public drinking
water  supplies.  Residents  relying  on  private  water  supplies,  esti-
mated  to  be  about  20  percent  of  the  population,  are  largely
unprotected.
Public Concern Over Groundwater Quality
Policy makers at all levels of government are considering proposals
to address  groundwater  quality problems.  Increasingly,  policies for
nonpoint  contamination  sources  are  being discussed.  What is caus-
ing groundwater  quality issues to rise on the policy making agenda?
Advanced  techniques  for  detecting  substances  in  water  have per-
mitted detection of minute amounts of contaminants  in water, many
of them  in groundwater.  Such findings have  led to greater  concern
about  the  possible  adverse  effects  of these  pollutants  on  human
health.  Tbxicological  studies  have  suggested  that consuming  trace
amounts of many of these organic  chemicals and pesticides can lead
to the development of cancer.  As  awareness  of health risks have in-
creased,  people have become more knowledgeable  of the relationship
between  groundwater  quality  and  potentially  contaminating  land
uses, including farming practices.  We have learned that groundwater
supplies can be quite vulnerable to contamination.
Two  additional  elements that have been driving the  groundwater
issue are  the irreversible  nature  of groundwater  management  deci-
sions and pervasive uncertainty.  The fundamental  characteristics  of
groundwater  make  it  susceptible  to  long-term  contamination.  Be-
cause of the nature  of groundwater,  contaminants  dissolved  in it do
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action  of air and light.  Consequently,  when  groundwater  becomes
contaminated,  it will remain so for many years.  Restoration of the
quality of groundwater after it has been degraded is often impossible;
water  must be  treated after it is pumped.  In addition,  tremendous
uncertainty surrounds many of the relationships within the ground-
water issue. Linkages between source, contaminant and ultimate ef-
fects on human health all involve imprecision and uncertainty. These
two factors, irreversibility and uncertainty, have had an effect on the
public concern over groundwater quality and interest in groundwater
protection.
Recent Policy  Developments
As awareness  about  existing contamination  and the potential  for
future contamination  has grown,  there have been demands  on gov-
ernments at all  levels to address the groundwater  quality issue. At
the federal  level,  Congress  enacted  major  amendments  to the Safe
Drinking Water Act in 1986 that require the EPA to develop enforce-
able standards  for at least eighty-three  new contaminants,  many  of
which are organic  chemicals found in groundwater.  Also, the amend-
ments  contained  two  provisions,  the  Wellhead  Protection  Program
and  the  Sole  Source  Aquifer  Demonstration  Program,  designed  to
protect recharge areas surrounding public water wells (U.S. Environ-
mental Protection  Agency). Thus far in 1987, four groundwater pro-
tection  bills  have  been  introduced  in  Congress.  Prevention  of
pesticide contamination was the primary aim of one of these legisla-
tive proposals.
There has been considerable  activity at the state level in the area
of groundwater protection policy.  A variety  of policy instruments to
protect groundwater  are being employed  (National Research  Coun-
cil).  In the  absence  of national  groundwater  quality  regulations,  a
number  of states,  including  Arizona,  Florida,  Wisconsin  and  New
York,  have developed standards  for chemicals found in underground
water supplies.  California  is in the process of developing  such stan-
dards.  Several  states  are  classifying  groundwater  according  to its
quality and vulnerability and are using this information in planning
and  regulating land  use.  In a  few states, products  that have  been
found  in  groundwater,  such  as  nitrogen  fertilizers  and  pesticides,
have been taxed to raise revenues to fund groundwater cleanup and
educational  programs.  Public  purchase  of  groundwater  recharge
areas  is  a groundwater  strategy  being  pursued  in Massachusetts.
Connecticut  has  a  law  requiring  an  individual  responsible  for
groundwater  contamination  to provide an alternative water  source
for those whose drinking water has been made unsafe. While only a
small number of states have enacted legislation,  many are currently
addressing the  groundwater  quality issue  and  have  drafted  protec-
tion strategies.
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As the debate over groundwater quality has proceeded, a number of
issues have surfaced. The following five appear to be among the most
prominent:
Acceptable Risk. When  contaminants  in  groundwater  are  found,
what level,  if any, of the contaminant  should be permitted? In other
words, what level of risk to human health is acceptable?
Rights to Groundwater. Who holds the property right to the use of
groundwater? The homeowner with a private well? The farmer whose
practices cause contamination?  The public water supplier?
Liability.  Who should pay damages that may result from contami-
nation?  The  farmer?  The  chemical  input  manufacturer?  Or  some
other party?
Institutional Level.  What  level  of  government  should  deal  with
groundwater?  What are  the advantages  and  disadvantages  of a na-
tional versus a state or local policy approach?
Preventative versus Remedial Approaches. Although most analyses
recommend  a preventative strategy,  is this always the most economi-
cal  way to  manage  groundwater  resources?  Where  drinking  water
safety  is  the  primary  concern,  how  does  a  remedial  approach  via
treatment compare  to prevention?
The Policy Education Challenge
The emergence of groundwater quality as a public issue presents a
challenge  to  Cooperative  Extension and  the entire  land  grant sys-
tem.  Findings  of  agricultural  contaminants  in  groundwater  have
raised questions about the appropriateness  of those technologies and
information the land grant system has developed and extended.  As
evidence has accumulated that agriculture is an important contribu-
tor to groundwater  quality degradation,  the land grant system itself
has been  implicated  as being part  of the  problem.  Some  organiza-
tions, such as those promoting sustainable or low-input agriculture,
have at times criticized the system for not doing enough to prevent
contamination.  As noted earlier, farmers as well as other water con-
sumers are concerned about the quality of underground drinking wa-
ter supplies and are asking for help from extension.  Both traditional
and new groups  are  challenging  the land  grant system to help  ad-
dress and solve this problem. The  groundwater  quality issue is rais-
ing fundamental questions about whose interests the system should
serve  and  appropriate  educational  philosophies,  approaches  and
methods.
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In individual states and at the national level,  Cooperative  Exten-
sion has responded  by  developing  educational  programs  on various
aspects  of the groundwater  quality  issue.  Publications  intended  to
increase  awareness  of the  importance  and vulnerability  of ground-
water, of possible sources of contaminants and of the health effects of
contaminants  have been  produced  by  many states'  Cooperative  Ex-
tension  Services.  Some  states  have  developed  programs  on  how  to
investigate water quality and manage private supplies to insure wa-
ter safety.  Many state extension services are conducting programs for
farmers that have the goal of improving fertilizer and pesticide  man-
agement through use of a "systems" approach. For example,  a nutri-
ent balance approach  to manure  management is being employed  to
address a regional animal manure surplus problem in Pennsylvania
(Abdalla, Beegle  and McSweeny).
At the national  level, the  water quality issue  has been  receiving
greater attention for the last several  years.  In  1985, a national Ex-
tension Groundwater Task Force developed a set of recommendations
for groundwater quality programming (Experiment Station Commit-
tee on Organization and Policy). In 1986, water quality became one of
eight National Priority Initiatives for extension. In addition, the Ex-
periment  Station  Committee  on  Organization  and  Policy  has  pro-
duced  a  report  on  opportunities  for  research  on  groundwater
(Extension Committee on Organization  and Policy).
Opportunities for Policy  Education
Most extension educational efforts on groundwater have focused on
raising awareness of the groundwater quality problem and have em-
phasized  the  physical  and  technical  aspects  of contamination  and
possible solutions. Less attention has been given to the economic and
public policy aspects  of groundwater protection. A technical focus on
problem  awareness  has been  appropriate  since  action needed to re-
solve a problem requires  acknowledgement that the problem in fact
exists and information about the problem's causes and technological
solutions.  As the groundwater  quality issue evolves, there will be an
increasing need to develop policy education programs that build upon
the technical information  base and go the next logical step of assist-
ing in  public choices  concerning  the alternatives for preventing  or
mitigating contamination (Libby). Since relatively few extension pol-
icy education efforts have taken place, there are many opportunities
for the extension  worker with expertise  in policy  education to con-
tribute.
Methodology
The philosophic approach and principles of public policy education
are  invaluable to the development  of credible  and effective ground-
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ing what, when and whom to teach in such programs (Barrows).  The
educator  must recognize that resolution of a controversial  public is-
sue requires more than technical information.  The decision  will in-
volve  debate and compromise  by different  parties holding different
views  about the  problem,  alternatives  and desired outcomes.  Since
any one solution to a groundwater  quality problem is likely to help
some and harm others, advocacy  is unlikely to be an effective  long-
run educational  approach.  Success in policy education  is likely to be
greater when the educator strives for objectivity  by examining  vari-
ous policy options and presenting the probable consequences  of these
alternatives.
Behavior
Economists'  ability  to  understand  and  predict  human  behavior
could be integrated  into educational  programs on groundwater.  Em-
phasis would be placed  on the relationships  among institutions,  in-
centives,  behavior  and  effects  on  groundwater  quality  and  other
public goals. An understanding of the behavioral reasons why conta-
mination occurs could be explored.  For example,  it could be pointed
out  that  groundwater  contamination  is  not  a  purposeful  act,  but
rather is the unintended side effect of legitimate actions by producers
under the rules established  by current policy. Since present policies
provide little incentive to consider these effects, the producer can be
expected to continue to degrade groundwater supplies until he or she
experiences  direct  damage  or  faces  new  rights  and obligations  as
adjusted by policy (Libby).
Economic  Logic  and Concepts
The basic concepts and reasoning that have been applied to many
other resource policy issues have yet to be  incorporated into ground-
water quality education.  The external effects resulting from contami-
nation and the common  property  or "public  good"  characteristics of
groundwater (Libby) as well as other rationales  for natural resource
policy  intervention  (e.g.,  the  "safety  first"  criterion  in the  face  of
uncertainty)  would  increase  understanding  of  the  contamination
problem and raise the level of discussions about groundwater quality
policy. In addition, the logical framework of economics and basic eco-
nomic  concepts,  such  as  opportunity  costs  and  marginal  decision
making, could be employed to help publics make informed and defen-
sible groundwater policy choices.
Institutional Alternatives  and Consequences
Governments at all levels  are  acting to protect groundwater  qual-
ity. A number  of different policy approaches are being experimented
with. A very useful policy education  activity would be identification
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impacts. Included  in such an effort would be an analysis of the "do
nothing" option or, in other terms, the costs of failing to act to protect
groundwater.  Additional research on the economic impacts of conta-
mination and the performance of groundwater policies will be needed
to support policy education programs of this type.
Seizing the Opportunity
A significant opportunity for policy education is presenting itself in
the groundwater quality issue. Taking advantage of this opportunity
will depend upon the situation  in each individual  state. Based  on
observations  of programs  in Pennsylvania, the Northeast and a few
states in other regions, the following generic suggestions are offered.
Inject Methodological  Elements into Programs.  Public Policy educa-
tors can teach policy  education  principles  formally through  in  ser-
vices and informally in discussions with extension co-workers.  Initial
efforts should be aimed at broadening the view of groundwater qual-
ity issues to include community  level and policy dimensions.
Build upon Existing Programs. Most states currently  have  educa-
tional  programs  for  producers  dealing  with  one  or more  technical
aspects  of groundwater  quality.  In some cases,  these programs may
provide ready made audiences for some types of policy education mes-
sages. For example, a presentation on federal and state groundwater
protection  proposals  could  be  included  at a meeting on  farm  level
fertilizer or pesticide management or possibly at an outlook program
for  agribusiness  audiences.  In  addition  to  farm  programs,  many
states  have  developed  programs  and  materials  on  drinking  water
quality  for the homeowner.  Illustrating the linkages  between com-
munity choices and individual home water quality would be one way
of introducing policy dimensions into such programs.
Develop New Programs. Citizens  and public officials  have  become
increasingly concerned about groundwater quality.  Educational pro-
grams that  help these  audiences  understand  the  institutional and
behavioral  roots of contamination  and help assess the consequences
of different policy options addressing contamination  will yield more
informed groundwater  management choices.
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